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Available online 18 July 2016Research, directly assessing sex-dependent differences in global versus local processing is sparse, but predomi-
nantly suggesting that men show a stronger global processing bias than women. Utilizing the Kimchi-Palmer
task however, sex differences in the number of global choices can only be found in children, but not in adults.
In the current study 52 men and 46 women completed a computerized version of the Kimchi Palmer task, in
order to investigate whether sex-differences in global-local processing in the Kimchi-Palmer task are reﬂected
in choice reaction times rather than choices per se. While no sex differences were found in the number of global
choices, we found that especially women are faster in making local choices than men, while men are faster in
making global choices thanwomen.Wedidnotﬁnd support for the assumption that this sex differencewasmod-
ulated by menstrual cycle phase of women, since the difference between reaction times to global and local
choiceswas consistent across themenstrual cycle ofwomen. Accordingly therewas no relationship betweenpro-
gesterone and global-local processing in the Kimchi-Palmer task. However, like in studies utilizing the Navon
task, testosteronewas positively related to the number of global choices in bothmen andwomen. To our knowl-
edge, this is the ﬁrst study including reaction times as outcome measure in a Kimchi Palmer paradigm and also
the ﬁrst study demonstrating sex differences in the Kimchi Palmer task in adults.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).Keywords:
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Mood1. Introduction
Most stimuli in everyday life are of a hierarchical nature, i.e. a global
or higher order ﬁgure is composed of several local and more detailed
features. People can either process scenes and stimuli in a global way,
by attending to the ﬁgure as a whole or in a local way, by processing
the details of a scene or the single parts of a ﬁgure.logy, University of Salzburg,
heuringer),
. This is an open access article underGlobal and local visual processing has traditionally been assessed
with a Navon task [1], in which participants are presented hierarchical
stimuli. Large letters or shapes (global level) are composed of smaller
letters or shapes (local level), which are evenly distributed in the larger
letter or shape. Participants are asked to respond if they detect a target
stimulus at the global or local level, respectively. Navon [1] demonstrat-
ed overall faster responses to the global, compared to the local level.
There are many factors inﬂuencing global-local processing in the
Navon task, like the stimulus category (shapes or letters), stimulus
properties or visual angle of presentation [2–6]. Research also indicates
that mood and sex relate to global-local processing in a Navon task. Re-
gardingmood, positive affect has been linked to a global processing bias,
i.e. faster global responses, while negative affect has been linked to athe CC BY license (http://creativecommons.org/licenses/by/4.0/).
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ferences, increased global processing bias, i.e. faster responses to global
targets were observed in men compared to women ([12–15], but see
also [16]). Most recent results suggest that these sex differences are
driven by opposite relationships of testosterone and progesterone to
the global processing bias (i.e. faster responses to global stimuli) and
may thus be restricted to the luteal cycle phase inwomen,whenproges-
terone levels peak [14]. Interactive effects of sex and mood on global-
local processing have however not been previously investigated, even
though sex and menstrual cycle effects on mood have repeatedly been
demonstrated [17–19].
Similar in stimulus architecture to the Navon task is the Kimchi
Palmer task [20]. Like Navon stimuli, Kimchi Palmer stimuli consist of a
global shape (square or triangle) made up of local shapes (squares or
triangles). Participants are presented with two ﬁgures, which should
be compared against a target or standard stimulus on the basis of sub-
jective perceptual similarity. One of the ﬁguresmatches the target stim-
ulus at the global level (global match), the other one at the local level
(local match). For an example stimulus, see Fig. 1.
Research with children, using the Kimchi Palmer task revealed large
and reliable sex differences in the number of choices for global versus
local matches [21–22]. They observed an increased number of global
choices in boys compared to girls. Age of children in these studies
ranged between 4 and 12 years [21] and 6 to 7 years [22]. On the con-
trary, Basso and Lowery [23] were not able to detect sex differences re-
garding the number of global and local choices in adults. Thus, sex
difference research with the Navon task revealed signiﬁcant sex differ-
ences in adults,whereas signiﬁcant sex differences in theKimchi Palmer
task were only found in children.
Both tasks have been introduced as measures of global-local pro-
cessing [1; 20]. However,while they are similar in stimulus architecture,
there are several characteristics that distinguish between the Navon
task and the Kimchi Palmer task.
First, the Navon task is usually implemented as a target detection
paradigm, while the Kimchi Palmer task is implemented as a similarity
judgment paradigm. Instead of searching for a predeﬁned target, partic-
ipants are asked to decide which match is more similar to the target
stimulus. Note however that some studies also implement the Navon
task as a similarity judgment paradigm and conﬁrm faster responses
for global matches than for local matches [24].
Second, in theNavon task participants are explainedwhat the global
and the local level are and are asked to detect targets or rate similarity
for a predeﬁned level (global or local). Thus, in the Navon task there is
an objectively correct answer to each item. In the Kimchi-Palmer task
however, participants are unaware of the distinction between global
and local level and are speciﬁcally instructed to base their choices on
subjective similarity.
Third, the Navon paradigm is computerized and participant's re-
sponse times are restricted, requiring quick and spontaneous responses.Fig. 1. An example stimulus of the Kimchi Palmer task. The ﬁgure on the top is the target
ﬁgure. Participants were asked to decide, which of the two ﬁgures, presented at the
bottom, is subjectively more similar to the target ﬁgure.Thus, the primary outcome measure in the Navon task is the reaction
time. On the contrary, the primary outcome measure in the Kimchi-
Palmer task is participant's choice. The Kimchi Palmer task is tradition-
ally presented in a paper-and pencil format without a predeﬁned time
limit.While participants are instructed to respond as quickly as possible,
they can choose on their own how long they work on each item. Thus
responses in the Kimchi-Palmer task may be less spontaneous than in
the Navon task, which may present an issue in studies on adults.
Therefore, the present study aims to address whether response
times also represent a useful outcome measure in the Kimchi-Palmer
task. Therefore, in the present study, we present the traditional
Kimchi-Palmer stimuli on a computer screen, where participants had
the possibility to choose between global and local matches and record
the response times for participant's choices. All other aspects of the
task are kept as in the traditional format, i.e. there was no time limit
for participant's choices and they were not instructed about the global
and local level.
We aim to investigate, whether sex differences in global-local pro-
cessing during the Kimchi-Palmer task in adults, may not be reﬂected
so much in their choices, but in the time they take to make these
choices, i.e. their response times. We hypothesize that decisions for
global matches are faster than decisions for local matches in men,
while decisions for local matches are faster than decisions for global
matches in women. Based on recent results from the Navon paradigm
[14], we furthermore examine if ﬂuctuations in sex hormones and fe-
male cycle phase relate to participant's performance in the Kimchi-
Palmer task. More speciﬁcally, we assume that women show an in-
creased global processing bias (i.e. faster responses to global matches
than local matches) in the follicular cycle phase, compared to their lute-
al phase. We further hypothesize that global choices are more frequent
and faster, the higher the testosterone levels, whereas local choices are
more frequent and faster, the higher the progesterone levels. Further-
morewe address, whether ﬂuctuations inmood are associatedwith po-
tential changes in global-local processing across the menstrual cycle.
2. Method
2.1. Participants
104 (53 men, 51 women) German-speaking participants completed
the present study. Five women had to be excluded from analyses be-
cause of inconsistencies between the self-reported cycle phases and
the analyzed hormone values (see below). Twomenwere excluded be-
cause testosterone levels varied highly between the two test sessions,
indicating external factors inﬂuencing testosterone levels, like stress.
Thus a total of 7 participants were excluded prior to analyses because
of inconsistencies in hormone values and all analyses were performed
on data of 51 men (Mage = 23.59, SD = 4.07) and 46 women
(Mage = 22.80; SD= 3.47)
Age of all participants ranged between 18 and 36 and did not differ
signiﬁcantly between men and women (t(98) =−1.02, p= 0.31). The
majority of participants were students of the University of Salzburg,
who received course credits for participation. All participants gave
their informed written consent to participate in the study and all
methods conform to theCode of Ethics of theWorldMedical Association
(Declaration of Helsinki).
Only participants who reported to be right-handers and had no neu-
rological, psychological or endocrinological disorders were included in
the study. Women were only included in the study, if they reported
no use of hormonal contraceptives and a regular menstrual cycle of a
duration between 21 and 36 days [25]. The mean cycle length of
women in the present study was 29.17 days (SD = 2.56). All partici-
pants were tested twice. While men participated within an interval of
about 2 weeks, women participated in the study in two different cycle
phases, i.e. the early follicular phase (days 1–6 of their menstrual
cycle) and the mid-luteal phase (3–10 days after ovulation). Ovulation
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commercial ovulation tests. 21 women were in their follicular cycle
phase during the ﬁrst session and in their luteal cycle phase during
the second session. 25 women were in their luteal cycle phase in the
ﬁrst session and in their follicular phase in the second session, respec-
tively. 5 (2 men, 3 women) participants did not return for the second
test session. Their data from the ﬁrst test session were included in the
analyses.
2.2. Kimchi Palmer task
As part of a larger study, participants completed the Kimchi-Palmer
task [20], where they had to make subjective similarity judgements
using hierarchical ﬁgures. A triad of large/global triangles or squares
composed of small/local triangles or squares (for an example see Fig.
1) was presented on a computer screen using Presentation Software,
Version 18.0 (2014, Neurobehavioral Systems Inc., Albany, CA, USA).
For each stimulus there was one target ﬁgure on the top and two
comparison ﬁgures on the bottom. The target ﬁgure was always a
square made up of triangles or a triangle made up of squares. One of
these comparison ﬁgures matched the global level of the target stimu-
lus, but consisted of different local elements (same-conﬁguration com-
parison pattern), the other comparison ﬁgure matched the target
stimulus on the local level, i.e. had the same elements, but a different
global pattern (same-element comparison pattern). Participants' task
was to decide, which comparison ﬁgure in their opinion matched the
target ﬁgure more closely. They were instructed to decide for one of
the two comparison ﬁgures on the bottom as quickly as possible and
that there was no correct or incorrect decision. They responded with
the left mouse key, when deciding for the comparison ﬁgure on the
left side and with the right mouse key, when deciding for the compari-
son ﬁgure on the right side. Although, participants were instructed to
respond as quickly as possible, they did not have a speciﬁc prescribed
time limit. Completing this task lasted about 3 to 5 min.
The original Kimchi-Palmer item set consists of 16 low-density items
with 3 or 4 local elements per global ﬁgure and 8 high-density items
with 6–9 local elements per global ﬁgure. 12 of the 24 items had their
global comparison ﬁgure (same-conﬁguration comparison pattern) on
the left side, whereas the other 12 items had their global comparison
ﬁgure on the right side. In 12 items the global match was a triangle, in
12 items the global match was a square.
In order to control for memory effects two different versions of the
Kimchi-Palmer taskwere created as follows. 8 items eachwere random-
ly assigned to one version of the task. The remaining 8 items were pre-
sented in both versions. Thus, each version consisted of a total of 16
items. In version A, 12 of the items were low-density and 4 high-
density. In Version B, 10 items were low-density and 6 high-density.
In each version, 8 items each had their global match on the right and
left side respectively.
56 participants (29 women, 27 men) received Version A in the ﬁrst
session and Version B in the second session and 48 participants (22
women, 26 men) received Version B in the ﬁrst session and version A
in the second session, respectively. In order to assess global and local
processing the percentage of global and local choices, aswell as reaction
times for global and local choices were recorded for each participant. A
linear mixed model with 'session' and 'version' as factors and partici-
pant's 'choice' as dependent variable revealed that the two versions
did not differ signiﬁcantly in the number of global choices. A linear
mixed model with 'choice', 'session' and 'version' as factors and partici-
pants 'reaction times' (RT) as dependent variable, revealed that the
two versions did furthermore not differ in global or local RT.
2.3. Mood
In order to control formood,we used a short questionnaire assessing
positive and negative affect, the PANAS [26]. It examines the positiveand negative affect of participants in their actual state. Every subscale
contained 10 items, more precisely adjectives, describing affective
states and participants should assess on a 5-point Likert-type scale
(1 = “not at all” to 5 = “extremely”) how they felt at the moment. Ex-
ample items were adjectives such as nervous, guilty, alert, irritable, hos-
tile, and vigorous. For the current study the German version was used.
The internal reliability varied between Cronbach's α= 0.85 and α=
0.86 for the subscale 'Positive Affect' and between α= 0.74 and α=
0.86 for 'Negative Affect', depending on the cycle phase or session.2.4. Hormone levels
To examine whether sex hormones relate to performance in the
Kimchi-Palmer task, we assessed testosterone, estradiol, and progester-
one levels from saliva samples using ELISA kits fromDeMediTec. Overall
3 saliva samples were taken from each participant during each session,
and hormone levels were averaged over the three samples in order to
control for diurnal ﬂuctuations in hormone levels and to ensure reliabil-
ity of hormone assessment. Until hormone assessment, saliva samples
were stored at−20 °C and centrifuged at 3000 rpm for 20 min.2.5. Statistical analyses
36 responses to individual items with response times higher than 3
standard deviations over the mean (M = 1810,17 ms; SD =
4359,61ms; exclusion criterion N14,889ms)were identiﬁed as outliers
and thus excluded from analyses, because extensively long response
time may no longer reﬂect spontaneous decisions as instructed.
Statistical analyses were carried out in R 3.2.2. Linear mixed effects
models were utilized using the lmer function of the lme4 package. De-
pendent variables are participants 'choice' and 'RT'. All models control
for repeated measurement by modulating participant number as ran-
dom factor. For the dependent variable 'choice', the ﬁxed factors ‘ses-
sion’, ‘density’ and ‘sex’ were modelled, in order to compare the
number of global and local choices between men and women. In
women only, a model including the ﬁxed factors ‘session’, ‘density’ and
‘cycle’ was run, in order to assess menstrual cycle dependent effects.
For the dependent variable RT, the ﬁxed factors ‘choice’, ‘session’, ‘densi-
ty’ and ‘sex’ were modelled, in order to investigate whether global
choices were faster than local choices and whether this difference was
affected by sex. In women only, a model including the ﬁxed factors,
‘choice’, ‘session’, ‘density’ and ‘cycle’was run, in order to assessmenstru-
al cycle dependent effects on this difference. Later, 'progesterone' and
'testosterone' levels, as well as 'positive' and 'negative' affect were sepa-
rately added as additional ﬁxed effects to the models. Each model also
included all possible interactions between ﬁxed effects. Non-
signiﬁcant interactions were then backwards eliminated using the step
function of the lmerTest package at its default settings to create mini-
mum models including only the factors and interactions relevant for
explaining the dependent variable. Results of these minimum models
are reported. The step-function does approximate degrees of freedom
via a Satterthwaite approximation.3. Results
3.1. Hormone levels
Progesterone was signiﬁcantly higher in women compared to men
(b = −161.02, SEb = 41.81, t(90) = −3.85, p b 0.001) and within
women signiﬁcantly higher during the luteal compared to the follicular
phase (b = 212.38, SEb = 42.48, t(41) = 5.00, p b 0.001). Testosterone
was signiﬁcantly higher in men compared to women (b = 96.77,
SEb = 13.57, t(91) = 7.13, p b 0.001) and did not differ signiﬁcantly be-
tween cycle phases in women (All means are displayed in Table 1).
Table 1
Mean levels of testosterone and progesterone in men and women in both cycle phases.
Men Women Women
Averaged over both sessions Averaged over both phases Follicular Luteal
Testosterone (pg/ml) M (SE) 171.61 (2.35) 74.46 (1.17) 72.77 (1.55) 76.18 (1.75)
Progesterone (pg/ml) M (SE) 74.30 (2.22) 241.65 (8.73) 134.47 (8.39) 351.38 (14.26)
Note. M=mean; SE= Standard error.
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In the total sample, neither ‘session’, nor ‘sex’had a signiﬁcant effect on
the dependent variable ‘choice’.1 In women, neither ‘session’, nor ‘cycle
phase’ had a signiﬁcant effect on the dependent variable ‘choice’. Thus,
only ‘density’ remained in the model (b = 0.11, SEb = 0.02, t(2889) =
6.53, p b 0.001). All participants made signiﬁcantly more global choices
with high-density items (64%) than with low-density items (53%),
irrespective of ‘sex’ or ‘session’. In women, the effect of density did
furthermore not depend on menstrual cycle phase (compare Fig. 2).
Therefore, ‘sex’, ‘session’ and ‘cycle phase’ were not considered further in
the analysis of choices.
3.3. Sex and menstrual cycle differences in reaction times associated with
global vs. local choices
‘Density’ did not affect ‘RT’ and did also not interact with ‘sex’, ‘choice’
or ‘session’ and was therefore not considered further in the analysis of
‘reaction times’. Irrespective of ‘sex’ or ‘choice’, ‘session’ had a signiﬁcant
effect on ‘RT’ (b =−189.73, SEb = 39.92, t(3771) =−4.75, p b 0.001),
with faster reactions during the second test session. There was a signif-
icant main effect of ‘choice’ on ‘RT’ (b = 349.71, SEb = 67.69, t(3238) =
5.16, p b 0.001), with global choices being slower than local choices.
Thus, the larger the effect of ‘choice’ on ‘RT’, the faster are the local
choices and the slower are the global choices, which is indicative of
stronger local processing. Whereas, the smaller the effect of ‘choice’ on
‘RT’, the faster are the global choices and the slower are the local choices,
which is indicative of stronger global processing. Therewas only a trend
main effect of ‘sex’ (b= 173.41, SEb = 103.18, t(160) = 1.68, p= 0.09),
indicating slightly slower reactions in men compared to women. A sig-
niﬁcant ‘choice’ ∗ ‘sex’ interaction (b = −259.02, SEb = 90.92,
t(3486)=−2.85, p=0.004), indicated that the effect of ‘choice’was sig-
niﬁcantly larger in women than in men. Local reactions were faster in
women than in men, while global reactions were faster in men com-
pared to women (compare Fig. 3). In women, ‘menstrual cycle phase’
did not affect ‘RT’ and did not interact with the effect of ‘choice’ on ‘RT’.
3.4. Sex hormone inﬂuences on the number of global choices
Irrespective of ‘density’, ‘testosterone’ had a signiﬁcant positive inﬂu-
ence on the ‘number of global choices’ (b = 0.64 ∗ 10−3, SEb =
0.18 ∗ 10−3, t(936) = 3.45, p b 0.001). The higher the testosterone
level, the more global choices did participants make (Fig. 4). ‘Progester-
one’ did not affect the ‘number of global choices’.
3.5. Sex hormone inﬂuences on reaction times associated with global vs. lo-
cal choices
‘Testosterone’ and ‘progesterone’ did not relate to reaction times over-
all and did not interact with the effect of ‘choice’ on ‘RT’. For both hor-
mones, there were signiﬁcant three-fold-interactions with ‘sex’ and
‘session’ (both |b| N 1.89, both SEb b 1.69, both t N −2.36, both1 Note that some participants displayed 100% global (7 women, 4 men) or local choices
(4women, 3men) in one or both test sessions. The choice of this pattern did not differ sig-
niﬁcantly betweenmen andwomen and none of the results changed after excluding these
participants.p b 0.02),whichwere not analyzed further, since theywere not relevant
to our research question.
3.6. Effects of sex and cycle phase on mood
Neither ‘positive’ nor ‘negative affect’ were signiﬁcantly affected by
‘sex’ or ‘session’ in the total sample or ‘menstrual cycle phase’ in
women. Irrespective of ‘sex’ or ‘session’, ‘testosterone’ was signiﬁcantly
positively related to ‘positive affect’ (b = 1.30 ∗ 10−3, SEb =
0.58 ∗ 10−3, t(176)=2.25, p=0.03), but did not relate to ‘negative affect’.
‘Progesterone’ was not related to ‘positive’ or ‘negative affect’ across all
participants. ‘Negative affect’ and ‘positive affect’ were positively related
across all participants (b = 0.23, SEb = 0.10, t(182) = 2.37, p = 0.02).
Therefore, we also performed the following analyses using the mean
of ‘positive affect’ and ‘negative affect’, a measure that we here term
‘arousal’.
3.7. Mood inﬂuences on the number of global choices
Irrespective of ‘density’, both ‘positive’ and ‘negative affect’ were sig-
niﬁcantly positively related to the number of global choices (both
b = 0.06, both SEb b 0.03, both t(967) N 2.07, both p b 0.05, compare
Fig. 5). The combined “arousal” measure was also positively related to
the ‘number of global choices’ (b = 0.11, SEb = 0.03, t(1028) = 3.15,
p = 0.002). Since ‘testosterone’ was shown to affect both, the ‘number
of global choices’ and ‘positive affect’, a model including both, ‘positive af-
fect’ and ‘testosterone’was also tested to address potential mediating ef-
fect of ‘testosterone’ on ‘mood’ or vice versa. Both ‘testosterone’ and
‘positive affect’ remained as signiﬁcant factors in the model, but there
was no interaction between ‘testosterone’ and ‘positive affect’.
3.8. Mood inﬂuences on reaction times associated with global and local
choices
‘Positive affect’ did not relate to ‘RT’ overall, but there was a signiﬁ-
cant interaction between ‘positive affect’ and ‘sex’ (b = −456.10,
SEb=144.14, t(931)=−3.16, p=0.002). ‘Positive affect’ did not interact
signiﬁcantly, albeit negatively, with ‘choice’ per se, but therewere three-Fig. 2. Percentage (%) of global with low vs. high density items in men and women. All
participants made signiﬁcantly more global choices with high-density items, compared
to low density-items (p b 0.001).
Fig. 3. Mean reaction time (RT) for global and local choices in men and women. In all
participants local choices were faster than global choices. Irrespective of cycle phase,
local choices were signiﬁcantly faster in women than in men, while global choices were
faster in men than in women.
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(b=−275.00, SEb= 125.92, t(2533) =−2.18, p=0.03), as well as be-
tween ‘choice’, ‘positive affect’ and ‘sex’ (b = 383.66, SEb = 134.23,
t(2534) = 2.86, p = 0.004). Therefore, separate models were run for
men and women with ‘menstrual cycle phase’ included as a factor in
women. The results in men demonstrate faster reactions with more
‘positive affect’ (b = −445.70, SEb = 113.50, t(768) = −3.93,
p b 0.001) as well as a positive interaction between ‘choice’ and ‘positive
affect’ (b=294.0, SEb=127.0, t(1745)=2.32, p=0.02). This interaction
indicates that in men the effect of ‘choice’ on ‘RT’was the larger, i.e. pro-
cessing the more local, the more positive the ‘mood’. In women, there
was a three-fold interaction between ‘choice’, ‘positive affect’ and ‘cycleFig. 4. Relationship of testosterone to the percentage of global choices. Irrespective of sex and
percentage of global choices. The higher the testosterone values the higher was the percentagephase’ (b = 652.0, SEb = 267.30, t(1307) =−2.44, p = 0.01), resulting
from a negative interaction between ‘choice’ and ‘positive affect’ speciﬁ-
cally during the luteal cycle phase. Thus, in women during the luteal
cycle phase, the effect of ‘choice’ on ‘RT’ was the smaller, i.e. processing
themore global, themore positive themood. ‘Negative affect’ did not re-
late to ‘reaction times’ overall and did not modulate the effect of ‘choice’
on ‘RT’. The combined ‘arousal’ measure was related to overall ‘RT’
(b=−203.67, SEb = 75.31, t(427) =−2.71, p=0.007), but did not in-
teract with the effect of ‘choice’ on ‘RT’. Reactions were the faster, the
higher the ‘arousal’ value.
4. Discussion
Theprimary objective of thepresent studywas to investigate sex dif-
ferences in global versus local processing utilizing the Kimchi-Palmer
task in adults. Previous studies assessing global-local processing with
a Navon paradigm [14–15] observed a global processing bias in men,
but local processing bias in women. Studies using the Kimchi-Palmer
task however, did not observe signiﬁcant sex differences in the number
of global choices in adults [23], even thoughmore global choices in boys
than girls had repeatedly been observed in children [21–22]. Since the
ability to recognize Gestalt-like global architectures [27–30] develops
with age, sex differences in the development of global processing may
potentially explain these inconsistencies. The aim of the present study
was however, to investigate, whether sex differences in the Kimchi-
Palmer task can be replicated in adults, when reaction times instead of
the number of global choices are taken into account.
As in the study of Basso and Lowery [23] investigating an adult sam-
ple, the current study did not reveal signiﬁcant differences between
adult men and women in the number of global choices. By contrast,
analyses concerning reaction times indicate that women's local choices
were signiﬁcantly faster than their global choices and faster than local
choices in men. Men on the other hand were slightly faster respondingdensity, a signiﬁcant positive relationship was observed between testosterone and the
of global choices.
Fig. 5. Relationship of positive and negative affect to the percentage of global choices. A signiﬁcant positive relationship was observed between both, positive and negative affect and the
percentage of global choices. The higher the affect the higher were the percentage of global choices.
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tion of an overall global precedence effect (e.g. faster responses to glob-
al, compared to local items) [1] we observed overall faster responses to
local, compared to global items in men and women in the present sam-
ple. Some studies also observe faster local responses in the Navon task
[15].
Irrespective of sex, density inﬂuenced the number of global choices.
Participants decided more often for global comparison ﬁgures, when
items consisted of more densely packed local elements (e.g. 6 to 9 ele-
ments), whereas more local comparison ﬁgures were selected when
the items consisted of fewer sparsely packed local elements (e.g. 3 to
4 elements). This result is consistent with observations by Martin [5]
and Kimchi and Palmer [20], who demonstrate that a low number of
local elements (low-density items) encourages local processing, where-
as a higher number of local elements (high-density items) facilitates the
perception of the global or overall conﬁguration. Notably, reactions
times were however not inﬂuenced by density in the current study.
Differences in reaction times, but not in the number of global vs.
local choices between men and women suggests that sex differences
in global-local processing in adults are not so much reﬂected in global
or local choices, but in the time taken to make these choices. There
was no signiﬁcant difference in the number of global choices between
men and women, although numerically, men choose global matches
more often than women. However, if women decide for global matches
they take signiﬁcantly more time than men to do so.
We speculate that the prolonged reaction times for global choices
in women and for local choices in men result from prolonged
reﬂective decision making processes, that may cover the initial
response tendency, if participants are not pressed for time. With
such prolonged decisions, participants choices may no longer reﬂect
their actual global or local bias. This may also offer a partial explana-
tion on why sex differences in the Kimchi Palmer task were observed
in children, but not in adults. It is well-established that children and
adolescents are known to be rather impulsive and reward-oriented
in decision making or lack self-control. Adults however, exhibit
longer and extensive decision making processes, being more
reﬂective and weighing pros and cons carefully before responding
to decisions [31–34]. Note however, that impulsivity was not
controlled for in the current study. Therefore, future studies
following up on this result are warranted to conﬁrm that impulsive
decision making modulates sex differences in the number of global
and local choices in the Kimchi-Palmer task, for example by
including an impulsivity scale or behavioral impulsivity paradigm.The present investigation did not support the hypothesis that men-
strual cycle affects decision making in the Kimchi-Palmer task. While
the sex difference in the global processing bias during the Navon para-
digm is restricted to the luteal cycle phase [14], we did not ﬁnd any re-
lation of menstrual cycle phase to performance in the Kimchi-Palmer
task, neither with respect to reaction times, nor with respect to the
number of global decisions. Accordingly, no relationship of progester-
one to either the number or speed of global decisions was observed in
the present study. However, the Kimchi-Palmer task may simply not
be sensitive enough to detect menstrual cycle dependent differences
in global-local processing due to the similarity judgment design, the
non-restricted response time and the fact that only 16 items per session
are evaluated. These characteristics are important design parameters
that differentiate the Kimchi Palmer task from the Navon task.
Nevertheless, sex hormone concentrations seemed to play a role in
global-local decision making in the Kimchi-Palmer task in the present
investigation. Irrespective of sex, testosterone had a signiﬁcant positive
effect on the number of global choices, i.e. higher testosterone levels
were associated with a more global processing bias. This ﬁnding is con-
sistentwith previousﬁndings on testosterone inﬂuences on global reac-
tion times in the Navon paradigm [14]. Neither progesterone, nor
testosterone did relate to the effect of choice on reaction times. Thus
the difference between global and local reaction times was not inﬂu-
enced by progesterone and testosterone levels.
Consistent to our hypothesis, positive affectwas positively related to
the number of global choices. However, also negative affect was posi-
tively related to the number of global choices. Since the two measures
were also positively related in the current sample of psychologically
healthy young participants, we assume that this result rather reﬂects
an overall effect of arousal, irrespective of valence. We also conﬁrmed
that a measure of “arousal” combining the positive and negative affect
values had the same effect on the number of global choices. It has re-
cently been demonstrated that arousal, irrespective of valence, in-
creases signal-to-noise ratio in information processing by drawing
attention to more salient stimuli [35]. Since it is usually argued that
global forms are more salient than local forms [6] it is possible that a
similar process may explain the results of the present study. Important-
ly, the effect of mood on global choices was not mediated via sex hor-
mone levels. We furthermore demonstrated an effect of positive affect
on the effect of choice on RT, which was sex-dependent. Whereas in
men positive affect was linked to a local processing bias, in the luteal
phase of women, positive affect was related to a global processing
bias. Albeit, this has not been tested directly in the present study, it is
165A. Scheuringer, B. Pletzer / Physiology & Behavior 165 (2016) 159–165possible that positivemood lead participants tomake evenmore reﬂec-
tive decisions. Note also that unlike for the number of global choices,
negative affect and the combined arousal measure did not elicit similar
results.
In summary, with the present investigationwewere able to demon-
strate sex differences in the Kimchi Palmer task in adults for the ﬁrst
time. By taking into account choice reaction timeswewere able to dem-
onstrate a stronger local processing bias in women compared to men
also in adults.
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